Abstract: Transport of radiocesium between the body pools and the alimentary tract was studied in 7 reindeer calves. Comparisons were made between reindeer receiving the Cs-binder Prussian blue (Ammonium-ironhexacyanoferrate) and untreated animals.
Introduction
logical systems rapidly and is assumed to distribute in plant and animal tissues much like K.
Within the reindeer body Na and K recycles rapidly between the alimentary tract and the other body pools . Staaland et al. 1986 ). As an alkali metal, Cs may be ass- The biological half life of total body radiocesium is about 3 weeks in roe deer (Molzahn et d/.1987) , 1-3 weeks in reindeer (Holleman and Luick 1975) and 2-4 weeks in sheep and cattle (Howard et al. 1987; Goldman et al. 1965; Sansom 1966) . Whole body estimates of Cs turnover do not, however, give information about cycling of radiocesium between the different cesium pools in the organism.
The purpose of the present paper is to study the patterns of secretion and absorption of radiocesium along the gastrointestinal tract of reindeer, and to locate the parts of the tract of interest for the binding of radiocesium to Prussian blue.
Material and methods
Seven male reindeer calves, 8-10 months old, were used. The animals were obtained from semidomestic herds in Southern Norway, and brought to the Agricultural University of Norway in. September and November 1986. The reindeer were kept indoors (10°C) tied to their cribs from the time of arrival until slaughter. A commercial pelleted reindeer feed, RF71 with 4 percent NaHCO, added as a buffer, was used as the basic feed (Jacobsen and Skjenneberg 1979) . In addition, the reindeer received lichens and at intervals some grass silage. The animals were fed twice a day. Before slaughter the body loads of B4 Cs + 137 Cs were brought up to 1-2 kBq/kg muscle tissue by feeding the animal about 320 g lichen DM/d for 4 weeks.
The lichens were collected in the Jotunheimen area of Southern Norway and were contaminated with radiocesium from the Chernobyl accident. The daily intake of 134 Cs + 137 Cs was about 9.9 kBq. In addition, 1 kg RF71 was given. The animals were divided into 3 groups.
In 2 groups (I and II, On the fourth day all animals were killed by a shot in the head. Muscle samples for determination of radiocesium activity were taken from the hind leg. The whole gastrointestinal tract was immediately removed and divided into 13 The "activity of 134 Cs, 137 Cs and 5 1 Cr in digesta food and muscle samples (300 g) were measured in 200 ml plastic vials using a Germanium detector connected to a Canberra 85
Multichannel Analyzer at the Isotope laboratory of the Agricultural University.
Alimentary contents and feeds were dried at 105°C for 24 hrs to determine dry matter content. The residues after ashing (625°C for 12 hrs) were dissolved in hydrochloric acid and diluted. Na and K were determined by atomic absorption spectrophotometry.
Samples of saliva were collected as previously described (Staaland et al. 1980) . Na and K in saliva were determined by flame photometry and the content of radioactive Cs was measured in 5 ml samples in a LKB Wallac 1280 Ultrogamma Scintillation counter equipped with a 3 inch sodium-iodide detector. 
Results
At the time of slaughter the combined concentrations of 134 Cs and 137 Cs in muscle tissues ranged from 822-2012 Bq/kg wet weight, whereas salivary activity was from 26-539 Bq/1 (Table 2) . Mean salivary concentrations of Na and K were 71 ± 25 and 11+7 mmol/1. In the rumen and reticulum the dry matter content of ingesta was similar on all diets, whereas in the distal part of the alimentary tract animals fed a pure RF71 diet had a higher dry matter percentage than those fed a mixed RF71/lichen diet. No effect of treatment with AFCF on dry matter content was apparent (Fig. 1) . The concentration of 51 Cr declined from the rumen/-reticulum to the abomasum and proximal small intestine. From then on a steady increase to the rectum was observed (Fig. 2) . The combined activity of 134 Cs and 137 Cs followed basically the same pattern, except that an increase in acitvity was found in the omasum. The concentration gradient of 134 Cs + 137 Cs differed from that of Na and K (Fig. 2) . Within the alimentary tract the stomachs dominated as the major pool for radionuclides and Na and K as well as water and dry matter (Table 3) . However, relatively more of the total gastrointestinal pools of radionuclides than of Na, K, water and total digesta were found in the large intestine. The total pool of radiocesium in the alimentary tract for those animals continuously fed contaminated lichens exceeded that in the daily feed by 4.7 and 6.6 kBq in groups I and II, wheras alimentary 51 CrEDTA was 88, 90 and 124% of daily intake in groups I-III respectively (Tables   1 and 3 ). Patterns of absorption and secretion along the alimentary tract were calculated according to descriptions given above and White et al.(1984) (Fig. 3) (Fig. 3) .
Similar patterns were observed for Na and K, but these elements were also secreted into the duodenum in large quantities. No effect of AFCF on absorption of these elements was detected.
Irrespective of diet or treatment with AFCF, the larger part of radiocesium flowing out of abomasum (67-80%) was absorbed in the intestines (Table 4) .
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Discussion
The alkali metals Na and K are rapidly recycled between the body pools and the gastrointestinal tract. The exchangeable pool of Na in the reindeer was about 60 mmol/kg BW (Staaland et al. 1982) . The exchangeable pool of a reindeer weighing 50 kg (Table 1) would therefore be about 3000 mmoles. In the present study, as a consequence of the buffer in the RF71, the daily intake of Na was high (500 mmol). Nevertheless it appeared (Fig. 3) The large recycling of alkali minerals, including Cs, contrasts to finding for bivalent and trivalent ions like Ca, Mg and P , Staaland et al. 1986 ). For these minerals small fractions only of the body pools seemed to be involved in exchange with the contents of the gastrointestinal tract.
Between radioactive Cs and Na and K there were differences with respect to the sits in the gastrointestinal tract where absorptions or secretions took place. All elements were secreted into the rumen/reticulum (Fig. 3) . A major contribution is through saliva because of high concentrations and large volumes of saliva in ruminants (Table 3 ).
In addition, there was a large net secretion into the proximal small intestine of Na and K, whereas radioactive Cs apparently was secreted into the omasum and abomasum.
The method of slaughtering animals and the use of a non-absorbed marker to calculate absorption and secretion patterns in the gastronintestinal tract may not, however, be applicable in the omasum. Here, this method is most likely invalidated because of the preferential movement of the liquid phase of the ingesta through this organ (Engelhardt and Hauffe 1975 , Faichney 1975 tion of Cs has also been observed in rats following a very high increase in the intake/1 of K (Wassermann and Comar 1961), but the effect of adding K to the diet of naturally Cs contaminated sheep was negligible (Hove and Ekern 1988) . Further studies are therefore needed to explain the relationship between K and Cs excretion in animals.
The stochiometry of the chemical reaction between radiocesium and AFCF is not known since the concentrations of cold Cs in the digesta were unknown. However, the reaction seemed to be specific in the alimentary tract since there apparently was no effect of AFCF on the other alkali elements. According to our findings, the main function of the Cs binder is to inrease the alimentary flow of radioactive Cs by keeping Cs bound to a large molecule that cannot absorbed (Table 4 ). The increased flow rate is mainly achieved in the proximal part of the gastrointestinal tract and is maintained throughout the small and large intestine to the rectum (Fig. 3) .
The large flow of radiocesium measured by the present method must to some degree represent a rapid recycling between the plasma pools and the gastrointestinal contents. Intracellular radiocesium shows a half life which is by no means compatible with the high gastrointestinal fluxes of radiocesium. It may therefore be expected that the fraction of the total body pool avilable for exchange with radiocesium will be rapidly reduced after a few days of treatment with AFCF or other cesium binders.
In the distal part of the alimentary tract very little Cs was secreted or absorbed. The addition of AFCF to the feed during the last 4 days before slaughter enabled the animals to greatly increase their fecal output of radiocesium. The negative net absorption in Table 4 showed that AFCF actually was instrumental in reducing the body burden of radiocesium during lichen feeding.
The effect of AFCF on radiocesium seems therefore to be an increased flow through the alimentary tract and increased rectal flow during AFCF administration. AFCF apparently binds part of the radiocesium in the stomach and keeps this element bound through the alimentary tract and thus prevents its absorption.
This again cause a net fecal loss instead of a net absorption of radiocesium from the alimentary tract.
